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ABSTRACT

This report is a descriptive summary of how the requirements
specified under Article I of Contracts NAS9-9982 and NAS9-9983
were satisfied by the Contractor, American Science and Engi-
neering, Inc. Since the two contracts resulted in one integrated
system comprising an Alpha-Particle Spectrometer and an X-ray
Spectrometer, this report describes the activities and deliverable

items of the two contracts.
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1.0 INTRODUCTION

This report is submitted in compliance with and fulfills the require -

ments of Contracts NAS9-9982 and NAS9-9983, Article XV, Para. C.

The above contracts provide for the contractor to supply and support
integrated X-ray and Alpha-Particle Spectrometer Systems as part of
the overall NASA Apollo Lunar Orbital Science Program. The two
spectrometers, in conjunction with a Gamma-Ray Spectrometer
(supplied by another contractor) comprise a team effort by several
groups of scientists to determine the geochemical characteristics

of the lunar surface by studying high energy radiation emanating
from the lunar surface from the vantage point of an orbiting space-

craft,

The ultimate scientific objectives are to produce a chemical map of

a significant fraction of the lunar surface. Correlation of this map
with visible surface features, other chemical data and other informa-
tion on the physical nature of the surface will provide some insight
into the evolutionary and dynamic processes that have been taking
place on the Moon. The particular relevance of the chemical in-
formation is that it bears on the origin of the lunar matter, the past
thermal history, the dispersal of material across the lunar surface,
subsurface features involving anomalous chemical abundance and

certain transient phenomena, such as gas releases.



2.0 SCHEDULE OF DELIVERABLE ITEMS SUMMARY

In accordance with Contracts NAS9-9982, NAS9-9983, Article I -
Scope of Work, ASE has supplied the necessary supplies, services
and facilities, and performed all necessary work to design, develop,
fabricate, test, checkout, support and deliver the items as listed

in Article I.

[tem 1
Mockup - Envelope mockups of the combined X -ray/Alpha Spectro-
meter package and Solar Monitor were delivered to North American

on 14 November 1969.

ITtem 2
Mass Mockup - Mass mockups of the Spectrometer Processor

Assembly (SPA) and Solar Monitor Assembly (SMA) were designed,

fabricated, assembled and exposed to various engineering en-
vironmental tests. Following exposure to launch-level vibration,

the mass mockups were delivered to NASA on 27 February 1970.

Item 3

Prototype Unit - Acceptance Testing and Customer Acceptance of

the Prototype Instrument was concluded on 22 June 1970 with the in-
strument being shipped to North American Rockwell, Downey, Calif-
ornia on 6 July 1970 for ATEE Lab integrated electrical compatibility

tests with other major elements of the SIM.

Ttem 4

Flight Unit #] - Flight Unit #1 Acceptance Test was conducted and

successfully concluded on 24 December 1970. The instrument was

shipped to KSC for integration with the SIM.

On 10 February 1971, Flight Unit #1 was returned to AS&E for retrofit
of the EMI Filter and replacement of six Alpha detectors, both in



accordance with approved ECP-18. During this activity, NASA/MSC
directed AS&E to perform a thermal retrofit of Flight Unit #1 and Flight
Unit #2 to protect these instruments from the extremely high heating
rates caused by the impingement of the RCS Plumes. Activities
leading up to this retrofit was a formal presentation to the CCB at
NASA/MSC on 18 February 1971 and submission of ECP-21A on

18 March 1971 which was subsequently approved on 8 March 1971.

Prior to completion of the thermal protection retrofit of Flight Unit

#1 and during alignment of the Alpha Spectrometer, Alpha detectors
2, 5 and 6 failed. The cause of the failure could not be immediately
identified because the condition of the Alpha detectors in Flight
Unit #1 could not be ascertained; MSC directed AS&E to replace

Alpha Spectrometer #1 with Alpha Spectrometer #2.

The interchange of the Alpha Spectrometers between Flight Unit #l1
and Flight Unit #2 required that Flight Unit #1 be designated as
Flight Unit #1A and the Flight Unit #2 be designated as Flight Unit
#2A.,

Because Flight Unit #2 was returned to AS&E for the thermal retrofit
modification on 22 March 1971, the interchange of the Alpha Spectro-
meters was made possible. Flight Unit #2 prior to the interchange
was subjected to additional testing to close out a Discrepancy
Report generated at KSC related to noise transients on the Alpha
LVPS thermistor circuit and spurious counts in the X-ray data

registers.

With the interchange of Alpha Spectrometers accomplished and
post-manufacturing test completed, the delta acceptance test of

Flight Unit #1A was started on | April 1971,

The acceptance test was conducted in accordance with P132-140/2,

Rev. G. Resultis of the testing are indicated on the attached chart



(see Figure 1) entitled, "Apollo Lunar Spectrometers Flight Unit #l1
Retrofit and Substitution of Alpha Flight #2 for Flight #1."

Flight Unit #1A was returned to XKSC on 12 April 1971,

Item 5

Flight Unit #2 - Flight Unit #2 successfully completed acceptance

testing on 21 January 1971. In accordance with ECP #17, the Final
Checkout Test (FCT) was not performed in order that an EMI Filter
and some wire rerouting might be accomplished. Following this
rework a Delta Acceptance Test was performed and successfully
concluded on 6 February 1971. This instrument was then shipped to
KSC for installation in the SIM.

Flight Unit #2 was returned to AS&E on 22 March 1971 at which time
the Flight Unit #2 Alpha Spectrometer was substituted for Flight
Unit #l Alpha Spectrometer. As a result of this interchange, Flight
Unit #2 was redesignated as Flight Unit #2A.

On 5 May the thermal retrofit of Flight Unit #2A was completed; the
post-manufacturing verification test was satisfactorily completed,
and the acceptance test of Flight Unit #2A commenced. The ac~-
ceptance test was conducted in accordance with P132-140/2, Rev. G.
The results of this testing are indicated on the attached chart (see
Figure 2) entitled, "Apollo Lunar Spectrometers Flight Unit #2A
Retrofit and Substitution of Alpha Flight #1 and Alpha Flight #2.

Item 6

Qualification Unit - The Qualification Unit was accepted 13

November 1970 and in serial fashion two test programs were under-
taken: a Qualification Test followed by a Delta Qualification Test.
Qualification testing was successfully concluded on 18 February

1971. Details of the qualification testing may be found in Volumes

I and IT of ASE-2640, Qualification Test Report.



APOLLO LUNAR SPECTROMETERS

Flight Unit No. 1 - Retrofit (Per ECP's 18 and 21)

& Substitution of Alpha Flight #2 for Alpha Flight #1

3/22/71 3/23 3/25 3/26-3/27 3/29-3/30 3/30
: Post Alpha X-Ray Alpha
t.#2
?:)(x::llzlsecpl * a1 Transportation icT #»1 Thermis’ »| Background »| Thermal
. Inspection Inv. Inv. Retrofit
m2al maal I2a2 I2a 2-4 I2a4 fT2as
ma2x1 Iz2x1 I2x2 II2x2-4 nz2x4 I2x5
3/30
2/12-3/30
2/10/71 2/10-2/11 2/11~2/12 Substituted Flight Unit No. 2
Manufacturing Alpha Spectrometer & LVPS
Receive Post Rework for EMI for Flight Unit No. 1 Alpha
Flt. #1 Transportation ICT ] Filter, Alpha » Spectrometer and LVPS
from KSC Inspection Detectors & 132-503 8/N 7435
Thermal Protection 132-521 S/N 7432
I2al 12¢1 12al-3 132-109-1 S/N 4
I12x%x1 I2x1 12x1-3 I2a 3-24
I2x3-24 12 a24-25 IA3 e 1
12x24-25 A3 x 1
3/30-3/31 3/31 /1 4/1-4/2 4/2 4/3
Complete Post Install Remainder
Manufacturing Manufacturing LLT » ICT »| of Thermal Protection Transport
Assembly Test Modification
I12a25-26 12a26-27 —
12 x25-26 12x26-27 Failure: No X-Ray output. Source shield was not removed.
FR: 1045A :
Solution: Update assembly instruction and put instruction on shield.
Fallure: Alpha Det. #6 displayed wrong peak channel,
FR: 10444
Solution: Correct error in BTE front end gain tape.
A3 q 1-2 A3a 2-5 A3a s A3 a 5-9 A3 a 10 A3 @ 10-11
A3 x 1-2 IA3 x 2-5 A3 x5 A3 x 5-9 IA3 x 10 IA3 x 10-11
||= VIBRATION TESTING >l THERMAL VACUUM TESTING —_—
4/3 4/3 4/3 4/3~4/4 4/4 4/4-4/5 4/6
#1 2 Vibration Y Vibration | X Vibration PXV vC8s L VCH VvCL
e | A |
Failure: Three missiay screws and one loose screw on Alpha Failure: X-Ray Det's. | Failure: X-Ray Det's.
Sensor. Screws left out when dust cover removed, 1, 2, 3&4 Spectral 2&4 Spectral Range
Range out of out of specification
FR: 1049A specification. FR: 1054A
FR: 1054A Solution: Amend DAR 73.
Solution: Update documentation to reflect requirement to Solution: Amend
reinstall screws. DAR 73.
A3 a 11 IA3all A3 a 12 A3 g 12-13 A3 @ 13-17 A3 @ 17-19 A3 a 19-
A3 x 11 A3 x 11 A3 x 12 TA3 x 12-13 IA3 x 13-17 IA3 x 17-19 IA3 x 19-
-_ THERMAL VACUUM TESTING
4/7/71 4/8/71- 4/8/71 4/9/71 4/9/71 4/12/71
Mass - Post Test Ship To
HLP FCT Transport Properties Inspection KSC
Failure: Alpha Detector #7 displayed degraded resolution.
FR: 1074A
Solution: Use as is. Submit DAR-9}
IA3 @ 26-28 JA3 a 28-31 A3 @ 31 A3 a 31- A3 a 31-
IA3 x 26-28 IA3 x 28-31 1A3 x 31 1A3 x 31- A3 x 31~
Figure 1
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Item 7
Flight Unit #3 - TFlight Unit #3 was cancelled by MSC in accordance
with CCN #13S.

Item 8
Flight Unit #4 - Flight Unit #4 was cancelled by MSC in accordance
with CCN #13S.

Item 9

Ground Support Equipment No. 1 - The (BTE) bench test equipment

#] was completed in time to support the Prototype instrument ac-
ceptance test. This system was subjected to additional acceptance

testing per MSC direction during August 1970.

Item 10
Ground Support Equipment No. 2 - BTE #2 was completed during

April 1970 and was subjected to the additional acceptance testing

as above during September 1970.

Item 11

Ground Support Equipment No. 3 - BTE #3 was completed during

May 1970 and was subjected to the additional acceptance testing

as above during September 1970.

Item 12

Documentation - All documentation as required by Exhibit C of

NAS9-9982 and NAS9-9983 was supplied at times consistent with

the schedule of Exhibit C and program requirements.

Item 13

Monthly and Final Reports - The requirements of Item 13 will be

fulfilled with the acceptance of this final report.

Item 14

Financial Management Reports - These reports were supplied




consistent with the requirements of Article XVI of the referenced

contracts.

Item 15
Integration and Prelaunch Support - Field support both at Downey,

California and Kennedy Space Center was supplied to the extent of

13 man-months,

Item 16

Principal Investigator's Report - The PI's report is in-process and

will be submitted upon completion.

Item 17

Astronaut Mockup - A high fidelity instrument mockup was delivered

to the NAR February 1970 in accordance with CCN #135.



